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Introduction
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Reversed phase chromatography of biological macromolecules is a promising separation 53 technique in the pharmaceutical field [1, 2] , for isolation [3, 4] , in proteomics [5] [6] [7] , and in 54 various related areas [8] [9] [10] [11] [12] . In the separation both the stationary phase and mobile phase play Biological macromolecules are typically separated in acidic conditions. Below the pI of a 59 protein or peptide, basic amino acid residues (lysine, arginine, histidine, and also the N-60 terminus) will become protonated, which may form ion pairs with anions present in the 61 mobile phase. Ion pairing increases hydrophobicity of the protein, which changes the 62 interaction with the reversed phase [20, 21] . Trifluoroacetic acid (TFA) is a widely used ion 63 pairing additive, but its effect on protein structure and the retention mechanism is not clearly 64 understood.
65
Several peptide and protein specific retention mechanisms have been suggested in the 66 literature. Guiochon [22] mentions two mechanisms, one related to hydrophobic, the other to 67 ion-exchange interactions. Geng and Regnier [23] assumes that the three-dimensional 68 structure of a protein is a major factor affecting protein separation. In the present manuscript 69 we have studied these mechanistic aspects in some detail. Mass spectrometry (MS) has been widely applied for detection of species separated by HLPC 83 with on-line coupling (HPLC-MS). Besides being an analytical tool, mass spectrometry also 84 gives information on protein conformation [28] [29] [30] [31] and on the structure of non-covalent 85 protein complexes [32, 33] 
93
Circular dichroism (CD) spectroscopy is also a widely utilized method to probe structural 94 changes of proteins and peptides under different conditions. CD curves recorded in the far-
95
(<250 nm) and near-UV (250-320 nm) region provide valuable information on the content of 96 the secondary structure as well as on the changes of the conformational states of aromatic 97 residues (tertiary structure) [37] .
98
In our study to optimize proteins separation in reversed phase HPLC (-MS) 
139
The working solutions were kept at 4 °C between and under the chromatographic runs. Mass spectrometry scans were carried out in the following circumstances. Scan range was 151 set from m/z 600 to m/z 4000. Scan time was 1.5 sec., interscan delay time was 0.02 sec.
152
Capillary voltage was set to 2.8 kV, sampling cone voltage was 35 V, source temperature was 153 90 °C, desolvation gas temperature was 250 °C, desolvation gas flow was 800 L/h. Note that 154 using TFA additive is unfavorable for mass spectrometry detection. In our case we found at variation was within a relatively narrow, ca. ±20% time-frame. We have repeated the 178 experiments using a narrower gradient (from 30% to 60% B), we have observed a surprising 179 phenomenonunusual chromatographic behavior, which is described below.
180
In order to improve chromatographic performance, most studies use TFA additive at Fig. 1 and 2 The chromatographic behavior described above has been followed by mass spectrometric 214 detection as well. Mass spectra showed a significant change in the observed charge 
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At low (5+, 6+) charge states, observed at relatively high (>0.01 v/v%) TFA concentration, 242 the mass spectra shows the presence of TFA adducts: ( Fig. 3B ; part of the spectra are blown 243 up in Fig. 4 ). In the 6+ charge state only few TFA adducts with relatively low abundance are 244 observed. In the 5+ state at a higher TFA concentration (Fig. 4) molecules to protonated lysozyme (Fig. 4) .
248
The experiments performed clearly show that TFA addition has a marked influence on TFA containing eluents was set with formic acid in the range of pH 2.1-3.2 ( conditions, when the unusual chromatographic behavior was observed (using isocratic elution, In this study we suggest, that, in a typical RP-HPLC experiment, TFA and FA induce protein 294 conformation change. This is likely a similar effect to that described in the case of protein 295 precipitation using tricholoroacetic acid, as described above. This conformational change can 296 be monitored by changes in charge state distributions observed in ESI mass spectra. Slightly 297 acidic mobile phases produce 'typical' ESI charge state distributions (Fig. 3) , indicative of an 298 unfolded (i.e. not native) protein conformation. This is observed also, when TFA or FA is 299 added at a very low concentration (less than ca. 0.01 v/v%). v/v%) TFA concentration, the two proteins can be separated very efficiently (Fig. 5) Supplementary Fig. 1 . UV chromatograms of A: transferrin, B: lysozyme using gradient 480 elution described in section 2.3, pH was adjusted with formic acid instead of TFA (Table 1) .
481
Supplementary Fig. 2 . Mass spectra of lysozyme at different pH values, set with formic acid 482 and trifluoroacetic acid. *Lysozyme-TFA adducts, detailed in the paper (Fig. 4.) . 
